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ABSTRACT 
Napier or elephant grass (Pennisetum purpureum) is a perennial grass grown widely in East Africa 
as a fodder crop.  It is being promoted in Ethiopia for use by cut and carry (zero grazing) 
smallholder livestock keepers. The International Livestock Research Institute (ILRI) in Ethiopia 
maintains a germplasm collection of Napier at its field stations in Debre Zeit and Zewai. ILRI 
distributed apparently clean cuttings to the farmers, however it was only recently a disease, 
phytoplasma was identified in these stations. Therefore, this study was initiated to detect Napier 
grass stunt disease (NGSD) causing agent (Phytoplasma) and the extent of its distribution in Ada 
woreda through Nucleic acid spot hybridization (NASH) technique, Polymerase chain reaction 
(PCR) and PCR- RFLP (Restriction Fragment Length Polymorphism). A total of 603 Napier grass 
leaf samples from 15 farmers’ field of 5 villages, ILRI/Debre Zeit gene bank, Ethiopian Institute of 
Agricultural Research (EIAR/Debre Zeit) and Genesis farm were screened for the presence of 
phytoplasma and its symptoms. Following this the effect of cutting on the prevalence of the 
disease was studied on Napier grass accessions 14984, 16786, 16837 and 16835. Passive 
transmission of the disease was also studied in a screen house with phytoplasma inoculated plants. 
Out of the total samples 4.3% were phytoplasma positive and only 0.8% showed the symptom. 
Cutting increased the prevalence of the pathogen in all accessions, however accessions 16786 and 
16835 were more affected than the others. In the screen house, symptom development was 
correlated with the presence of Phytoplasma in 60% of the analyzed leaf samples. Out of the 19 
NASH positive samples screened for the presence of phytoplasma 18 were found to be positive by 
PCR. PCR- RFLP result showed that digestion with Rsa I restriction enzyme had a similar banding 
pattern to 16Sr XI phytoplasma group found in Kenya. Therefore, the phytoplasma identified in 
this study seems to differ from 16SrIII group that was previously found in Zewai and Debre Zeit 
ILRI fields. Therefore, this study confirmed the presence of phytoplasma infection of Napier grass 
in Ada woreda. Further characterization of the phytoplasma using sequence analysis is needed to 
specifically identify the phytoplasma group.    
 
Key words/Phrases: Napier Grass, Napier Grass Stunt Disease (NGSD),  
Nucleic Acid Spot Hybridization (NASH), Phytoplasma                 
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1. INTRODUCTION 
1.1 Napier grass (Pennisetum Purpureum) 
Pennisetum purpureum (Elephant Grass, Napier Grass or Uganda Grass) is a species of grass 
belongs to the kingdom: Plantae, Division: Magnoliophyta, class: Liliopsida, Order: Poales, 
Family: Poaceae, Tribe: Paniceae, Genus: Pennisetum, Species: P. purpureum. 
(http://en.wikipedia.org/wiki/Pennisetum_purpureum, 2008) 
The plant is native to the tropical lands of Africa (Fig1) : Kenya, Tanzania, Uganda, Ethiopia, 
Angola, Malawi, Mozambique, Zambia, Zimbabwe, Côte D'Ivoire, Ghana, Guinea, Liberia, 
Nigeria, Sierra Leone, Togo, Cameroon (Pennisetum_purpureum.htm,2006).  
                                
                                      Source: ILRI, GIS unit, 2005  
     Fig1. A map showing suitable areas across Africa to grow Pennisetum purpureum. 
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The grass was named as Napier Grass after Colonel Napier of Bulawayo in Zimbabwe who early 
in the last century urged the Department of Agriculture to explore the possibility of using it for 
commercial livestock production (Boonman, 1993).  
Napier grass is a robust perennial grass with a vigorous root system which sometimes is 
stoloniferous with a creeping rhizome (Henderson and Preston, 1977). The grass can be planted 
by seed, however, vegetative propagation is more widely preferred (Boonman, 1997). Napier 
grass is generally found along rivers and forest margins and on more fertile soils. The grass is 
introduced to most tropical and subtropical countries where it has become naturalized. In east 
Africa, it is widely grown for cut and carry feeding system (Boonman, 1993). 
The grass offers huge yields when grown in proper condition. At a mature state it is recognized 
by its tall stature and its large percentage of green leafy foliage. Naturally growing Napier grass 
that is found in a riverbed with an estimated two years of growth was measured at a height of 10 
meters and recorded an incredible yield of 29 tons dry matter (DM) per hectare in one cutting 
(Boonman, 1997). According to Purseglove (1972) the grass withstands repeated cutting, four to 
six cuts in a year and produces 50-150 tons fresh herbage per hectare. 
It is an adaptable, vigorous, highly productive species that withstands considerable periods of 
drought.  It can tolerate annual precipitation of 2.0 to 40.0 dm, annual temperature of 13.6 to 
27.3°C and pH of 4.5 to 8.2 (Duke, 1998).  It rapidly recovers from stagnation of growth with the 
onset of rains after extended dry periods (Sollenberger et al., 1990).  
1.2 Importance of Napier Grass  
Napier grass is widely used in various parts of the world. In Africa the grass has received 
attention for its use in smallholder farming systems as a cut-and-carry livestock feed, and in 
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areas where adapted it is grown for green feed, silage and rotational grazing (Watt and Breyer-
Brandwijk, 1962). The plant is known for its high content of carbohydrate value. According to 
Van Soest (1994), it is high in structural carbohydrates that increase rapidly with advance in 
maturity, whereas the contrary is true with its crude protein (CP) content and digestibility. Young 
growth makes good hay, which can be fed as hay or pellets.  Coarse stems in older growth make 
it unsuitable for hay but it makes good silage, although it is inferior to maize and sorghum 
(Bogdan, 1977). Napier grass meal is as effective in maintaining the growth of the birds as 
Lucerne meal. Nutritious silage that is highly palatable to animals can be prepared after adding 
molasses (2%) and salt (0.8%). As with dry matter content, animal production from P. 
purpureum depends on growing conditions for the grass.  Live weight gains of 1 kg/hd/day 
during the growing season and 480 kg/ha/yr, and milk yields of >11 kg/day (4% fat) are 
achievable  (Bogdan, 1977). 
The chemical composition of Napier grass contains free sugars such as glucose, sucrose, and 
fructose, with fructose content always higher than glucose (Gutierrez and Faria, 1979). 
Furthermore, 100 grams of hay is reported to contain 10.9 g H2O, 8.2 g protein, 1.8 g fat, 68.6 g 
total carbohydrate, 34.0 g fiber and 20.5 g ash (Duke, 1998). The same amount of silage contains 
5.8 g protein, 4.9 g fat, 73.4 g total carbohydrate, and 15.9 g ash. While fresh grass contains 77.8 
g water, 1.0 g protein, 0.5 g fat, 17.6 g total carbohydrate, 3.1 g ash, 0.12% Calcium and 0.07% 
Potassium. Green fodder contains calcium, 0.12%; phosphorus, 0.07%; potassium, 0.80%; 
sodium, 0.10%; magnesium, 0.06%; iron, 0.021%; sulphur, 0.03%; and silicon, 0.57%. In 
addition the plant is a good source of carotene (182–221 µg/g) and tocopherol (195-260 µg/g) 
(Duke, 1998).  
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Napier grass, in addition to its forage value is also used for other purposes. In Central Africa it is 
used as a source of medicinal salt and for hedge rows and living fences (Watt and Breyer-
Brandwijk, 1962).  Old growth can be used for soil conservation, as a windbreak in horticultural 
crops and orchards, and as constituent of fish ponds (Farrell et al., 2002). Report by Lekasi 
(2000) indicates that Napier grass refusals are used in cow stalls as bedding to get manure and 
some farmers use the canes for making chicken houses. A study by Khan et al. (2001) describes 
Napier grass as one of the most successful plants in the development of a ’push-pull  strategy for 
minimizing stem borer damage to maize and sorghum. It is also important plant in biofuel 
development, Shleser (1994) reports that Napier grass is one of the potential plants for ethanol 
production.  
1.3   Napier grass in Ethiopia 
The high potential agricultural areas of Ethiopia are very densely populated and land holding 
sizes are very small. So the existence of little natural grazing land in various areas urges farmers 
to feed their cattle on crop residues. However, to alleviate this problem, currently ILRI, along 
with the Ministry of Agriculture and rural development in Ethiopia, are distributing the best 
suited accessions of Napier grass to farmers across the country. It has been largely accepted as a 
quality cut-and-carry livestock feed since it is highly palatable and a perennial crop. Study by 
Seyoum et al. (1998) indicates that Napier grass is a promising perennial forage grass species 
which adapts well to the medium and highland altitudes of Ethiopia.  
International Livestock Research Institute (ILRI) has established gene bank in Debre Zeit and 
Zeway including 59 Pennisetum purpureum and its hybrids with Pennisetum glaucum in its field 
in Ethiopia (Wouw et al., 1999). According to Wouw et al. (1999) the collection has been 
assembled from several African countries and the United States of America and shows 
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considerable morphological variation. A large number of accessions were donated by the 
International Crop Research Institute for Semi-Arid Tropics (ICRISAT) program in Bulawayo 
(Zimbabwe).  
1.4. Diseases of Napier Grass  
In the past Napier grass exhibited few disease and pest incidences of economic importance and 
therefore, few studies addressed pests and diseases of the plant (Orodho, 2006). However, Napier 
grass is attacked by many diseases causing agents. Some of the diseases that affect Napier grass 
are fungi (Holm et al., 1977). In Kenya smut disease caused by Ustilago kamerunensis results a 
catastrophic decline in biomass of Napier grass (Farrell et al, 2002). Moreover, it is attacked by 
the bacterium, Pectobacterium carotovorum, and several diseases as pseudo-fiji disease, 
chlorotic streak, a disease of sugarcane, and leaf mottle virus. Napier grass is also attacked by 
nematodes (Holm et al., 1977). It has been reported recently that bacteria, with a stunting 
syndrome has been found in Napier grass (Jones et al., 2004, 2007).  
Stunting disease is an infection that is manifested by turning a healthy Napier grass leaves to 
stunted (thin), yellow and weak leaves. So it causes the overall reduction of plant height due to 
shortening of its internodes. In severe conditions the stunting disease causes death of the plant. A 
stunting symptom in Napier grass was reported (Tiley et al., 1969) in Uganda. It was reported 
that the disease has also been spread in western Kenya (Khan et al., 2001) and in Ethiopia (Jones 
et al., 2007). In Kenya Napier grass is important cattle feed, the impact of the disease has 
devastated the dairy industry (Jones et al., 2004).  
6 
 
  
 Source: Photos Eric Boa, GLOBAL PLANT CLINIC (2005) 
 Fig.2. Picture of Napier grass stunt on field (white arrows) showing reduction in biomass. 
Continuous studies have been done to investigate the causative agent of the stunting disease. 
When Napier grass stunt disease was observed in Uganda, researchers assumed that the causative 
agent was virus (Tiley et al., 1969). Recently, analysis of rDNA sequences showed that NGSD in 
Kenya and Uganda has been associated with bacteria named phytoplasma. The Phytoplasma 
belongs to group 16SrXI, Candidatus Phytoplasma oryzae, which is similar to rice yellow dwarf 
(Jones et al., 2004; Nielsen et al., 2007). Recently the study by Jones et al. (2007) showed that 
Phytoplasma found in Ethiopia is similar to that of African sugarcane yellow leaf phytoplasma, a 
member of the 16SrIII group; Candidatus Phytoplasma pruni. 
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1.5. Phytoplasmas 
Phytoplasma (Candidates phytoplasma), is a name that collectively refers to wall-less, non-
helical prokaryotes (Razin et al., 1998). They were formerly known as mycoplasma-like 
organisms (MLOs) Doi et al. (1967). The name Phytoplasma is originated from Greek word, 
phytos meaning plant and plasma meaning moulded. Phytoplasmas are members of the class 
Mollicutes that are soft-skinned bacteria. Mollicutes represent a branch of the phylogenetic tree 
of the gram positive eubactera and are most closely related to low G-C content gram positive 
bacteria such as Bacillus, Clostridium, and Streptococcus species (Weisburg et al., 1989). 
Generally Phytoplasmas have small genomes, few rRNA operons, few tRNA genes, and limited 
metabolic activities (Bov’e, 1997). The bacteria have lost 75% or more of their original genes 
and can no longer survive outside insects and plant hosts (Firrao et al., 2005). These unique 
bacteria can efficiently invade cells of insects and plants; therefore, they are pathogenic bacteria 
and reproduce asexually, by budding (Welliver, 1999).  Phytoplasmas have not been cultured in 
cell-free medium or in vitro (Firrao et al., 2005). 
Phytoplasmas are known to cause more than 700 diseases in several hundreds of plant species 
(Kirkpatrick, 1992). They are obligatory parasites transmitted by sap feeding insects of the order 
Hemiptera, mainly leafhoppers and Psyllids. They can also transmitted by vegetative 
propagation. 
1.5.1.  Cellular organization of Phytoplasma  
Phytoplasmas are very small bacteria that are enveloped only by a single membrane, and unlike 
the typical bacteria they lack a cell wall. They mostly consist of spherical, sometimes pleomorph 
8 
 
cells with a diameter of approximately 0.2-0.5 μm; they are significantly smaller than “typical” 
bacterial cells which are approximately 1.0-2.0 μm, roughly the size of a plant cell’s chloroplasts 
(Seemüller et al., 1998). 
The genome of Phytoplasmas is very small (600,000 base pairs (bp) to 1,200,000 bp), compared 
to bacterial genomes like the genome of Escherischia coli which has 4,000,000 bp. (Seemüller et 
al., 1998). The G + C content Phytoplasma genome has a very low in the range of 25-30%, the 
average for other organisms is 50%. However, studies by Berg and Seemüller (1999) indicate 
that the gene structure is similar to that of other prokaryotes. 
In contrast to viruses, Phytoplasmas have their own metabolism which is reduced to a grade that 
numerous bio-molecules essential for survival have to be imported from the host cell. They 
follow obligate bio-trophic life style, because many genes coding for essential metabolic 
pathways in other organisms are missing (Oshima et al., 2004). Important genes coding for the 
biosynthesis of amino acids and fatty acids are also missing (Oshima et al., 2004).  
 Phytoplasmas are the only organisms known without an ATP-synthase; ATP probably has to be 
imported from the environment or they may use malate from their host as a carbon source. The 
use of malate is advantageous, because it is readily available in the cytoplasm of host cells, and it 
can serve as the sole energy source for bacteria by conversion to oxaloacetate and pyruvate 
(Dimroth and Schink, 1998). Furthermore, metabolism of malate saves energy which is 
important, because Phytoplasmas lack ATP synthases, and hence, the capacity to generate energy 
in Phytoplasmas seems limited to glycolysis (starting with glucose-6-phosphate) (Dimroth and 
Schink, 1998).  
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1.5.2.  Taxonomy and Classification of Phytoplasma   
Although Phytoplasmas have not yet been cultivated in vitro, phylogenetic analyses based on 
various conserved genes have shown that they represent a distinct, monophyletic clade. 
Phytoplasmas belongs to Super kingdom Prokaryota, Kingdom Monera, Domain Bacteria, 
Phylum Firmicutes, Class Mollicutes, genus Candidatus (Ca.). Recently, the classification takes 
into account both the phylogenetic and the biological/ecological characteristics of Phytoplasmas. 
Phytoplasmas have diverged from gram-positive eubactera, and belong to the Genus 
Phytoplasma within the Class Mollicutes (Fig. 3). 
Source: Bai et al. (2004) 
Fig. 3. Phylogenetic relationships of several bacterial clades containing bacterial pathogens (A), 
and the 5 phylogenetic groups within the Class Mollicutes (B). Plant pathogenic / symbiotic 
bacteria are indicated in green. GL, gene loss; WL, loss of cell wall.  
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The category ‘Candidatus’ was introduced to allow unambiguous reference to organisms that 
could not be cultivated in vitro (Firrao et al., 2005). The analysis of more than 200 different 
sequences of Phytoplasma 16S rRNA gene has delineated less than 20 clusters of strains at 97.5 
% similarity. But, as within these clusters, some Phytoplasmas presented different biological, 
phytopathological and other molecular properties a few more species were proposed (IRPCM 
Phytoplasma/Spiroplasma Working Team-Phytoplasma Taxonomy Group, 2004). These species 
can be considered as different only when, they are transmitted by different vectors; they have 
different natural host plants or at least show a different behavior on the same host; and there is 
evidence of significant molecular diversity that is achieved by either hybridization to cloned 
DNA probes, serological reaction or PCR-based assay. Currently there are 15 groups based on 
RFLP differences in the 16S rRNA gene sequence (16Sr groups). Each group includes at least 
one Candidatus Phytoplasma species, characterized by distinctive biological, phytopathological 
and genetic properties. 
Table1. 15 Phytoplasma groups based on RFLP differences in the 16S rRNA gene sequence 
 
16Sr groups                                                                            Ca. Phytoplasma species 
16SrI (Aster yellows group)                                                         Ca. Phytoplasma asteris 
                                                                                                      Ca. Phytoplasma japonicum 
16SrII (Peanut witches'-broom group)                                         Ca. Phytoplasma aurantifolia 
16SrIII (X-disease group)                                                             Ca. Phytoplasma pruni 
16SrIV (Coconut lethal yellowing group)                                    Ca. Phytoplasma palmae 
                                                                                                      Ca. Phytoplasma castaneae 
                                                                                                      Ca. Phytoplasma cocosnigeriae 
16SrV (Elm yellows group)                                                          Ca. Phytoplasma ziziphi 
                                                                                                       Ca. Phytoplasma vitis 
                                                                                                       Ca. Phytoplasma ulmi 
16SrVI (Clover proliferation group)                                             Ca. Phytoplasma trifolii 
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16SrVII (Ash yellows group)                                                        Ca. Phytoplasma fraxini 
16SrVIII (Luffa witches'-broom group)                                        Ca. Phytoplasma luffae 
16SrIX (Pigeon pea witches'-broom group)                                  Ca. Phytoplasma phoenicium 
16SrX (Apple proliferation group)                                                Ca. Phytopalsma mali 
                                                                                                       Ca. Phytoplasma pyri 
                                                                                                       Ca. Phytoplasma prunorum 
                                                                                                       Ca. Phytoplasma spartii 
                                                                                                       Ca. Phytoplasma rhamnii 
                                                                                                       Ca. Phytoplasma allocasuarinae 
16SrXI (Rice yellow dwarf group)                                                Ca. Phytopalsma oryzae 
16SrXII (Stolbur group)                                                                Ca. Phytoplasma solani 
                                                                                                       Ca. Phytoplasma australiense 
16SrXIII (Mexican periwinkle virescence group)                        Ca. Phytoplasma species defined  
16SrXIV (Bermuda white leaf group)                                          Ca. Phytoplasma cynodontis 
16SrXV (Hibiscus witches'-broom group)                                    Ca. Phytoplasma brasiliense 
Source:  Wikipedia, the free encyclopedia (Phytoplasma), (2007) 
 
1.5.3.  Transmission of Phytoplasma  
Since Phytoplasmas are non-motile organisms, transmission from plant to plant occurs via insect 
vectors, by grafting or dodder transmission (Dale and Kim, 1969). In nature, the insect vectors of 
phytoplasma-associated plant diseases belong to the Families Cicadelloidea (leafhoppers), 
Fulgoroidea (planthoppers) and Psyllids (Gatineau et al., 2001). The mouth part of the insect 
vector that is piercing-sucking type enables the insect to reach specific plant tissue (phloem) 
where Phytoplasma resides (Alma et al., 1997). In insects, Phytoplasmas move from the gut 
lumen into epithelial cells. After migrating through gut epithelial cells, they are released into the 
space between the basal plasma lemma and the basal lamina and, from there, they move to the 
12 
 
hemolymph, where they circulate. They replicate in various tissues including salivary gland cells 
then move into salivary ducts (Fig 4). 
 
 
Fig.4. A schematic illustration of the Phytoplasma infection route in a leafhopper.  
Source:  http://papilio.ab.a.u-tokyo.ac.jp/planpath/phyto-genome/what.htm(2007) 
 
Once infection occurs Phytoplasmas reside in the phloem tissue of the plants they infect, 
invading primarily phloem sieve tube elements (Purcell, 1982). An insect vector acquires the 
Phytoplasma after feeding on an infected plant for several hours or days. The final step is the 
introduction of the pathogen, along with salivary fluids, into the phloem of a new host plant 
(Whitcomb, 1981). The latent period, from acquisition to access period to inoculate (Fig.5) 
requires 3 weeks or more. 
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Fig.5. Life cycle of Phytoplasma.   
Source:  http://papilio.ab.a.u-tokyo.ac.jp/planpath/phyto-genome/what.htm(2008) 
 
The incubation time within the insect depends upon several factors, including temperature. An 
infected insect is able to spread disease for the rest of its life; generally vectors must re-acquire 
the Phytoplasma from infected plants (Kawakita et al., 2000). In insect hosts, Phytoplasma may 
cause premature mortality (Lee et al., 2000). 
Plant host range for each Phytoplasma in nature is determined largely by the number of natural 
insect vector species that are capable of transmitting the Phytoplasma and by the feeding 
behaviors (mono-, oligo-, or polyphagus) of these vectors (Golino et al., 1989).   
Insect vectors do not usually transmit Phytoplasmas transovarially, except the aster yellows and 
mulberry dwarf Phytoplasmas (Kawakita et al., 2000). Phytoplasmas apparently attach to cells of 
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their vectors. Lefol et al. (1993) reported that the flavescence dorée Phytoplasma adheres to 
nitrocellulose-bound extracts of the salivary glands, hemolymph, alimentary tract, and fat bodies 
of healthy vectors. Interestingly, these Phytoplasmas also bound to tissues of several non vector 
insect species. 
Phytoplasmas are predicted to be able to attach to the surface of the gastrointestinal tract and 
salivary gland in host and non host insects (Lefol, 1993). Moreover, results from Suzuki et al. 
(2006) suggest that the insect-vector specificity of Phytoplasma is determined by the intracellular 
interaction between a host structural protein (microfilament) and a bacterial surface protein 
(Amp) and not by the affinity between the surface structures of the host and parasite. 
In some cases, it is the Phytoplasma-plant interaction that limits the host range of disease. The 
infected leafhopper may feed a plant, but if the plant species is not sensitive to the phytoplasma, 
then the pathogen does not multiply or produce symptoms in the plant. Phytoplasmas cannot be 
transmitted mechanically, by rubbing sap from an infected plant onto a healthy plant or by using 
contaminated tools. But they can infect healthy plants if infected stock is budded or grafted 
directly onto it.  
Plants growing close together can be infected through naturally-formed root grafts. This is 
possible with the use of Cuscuta (dodder) plant which is a plant parasite by itself (Dale and Kim, 
1969). This plant can form an ’infection bridge’ between plants, and the Phytoplasma can move 
through dodder into healthy plants. In the past, Phytoplasmas were not known to be transmitted 
through seed or pollen (Lee et al., 2000). Recent reports showed the presence of lethal yellows 
Phytoplasma in coconut fruit embryos from infected trees (Cordova et al., 2003). Khan et al. 
(2002) also reported that Phytoplasma can be detected in alfalfa seeds from Phytoplasma 
infected parent plants.  
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1.5.4. Symptoms and Distribution of Phytoplasma  
Infection of plants by Phytoplasma induces various symptoms. These symptoms which were 
confused with many diseases in plants and insect vectors can now be accurately determined 
(Bertaccini et al., 1996). However, results revealed that the identities of Phytoplasmas are 
inconsistent with the symptoms they induce on susceptible plants. Similar symptoms can be 
induced by various distinct types of Phytoplasmas (Bianco et al., 1993), whereas several 
disparate symptom types can be induced by closely related Phytoplasmas (Vibio et al., 1996).  
Based on insect transmission studies and precise identification of associated Phytoplasmas by 
molecular probes, it is known, that many vectors can transmit more than one type of 
Phytoplasma and that many plants can harbor two or more distinct Phytoplasmas (Bianco et al., 
1993). 
New disease outbreaks occur from time to time in various geographic regions. Numerous new 
Phytoplasma strains have been identified recently and a preliminary classification of known and 
new Phytoplasma strains has revealed that Phytoplasmas are more diverse than previously 
thought (Bertaccini et al., 1996).  
The extreme malformations of plants suggest that Phytoplasmas interfere with plant hormone 
metabolism (Lee et al., 2000). Plant diseases associated with the presence of Phytoplasmas 
typically exhibit a number of symptoms that are suggestive of disturbances in the normal balance 
of plant hormones (Lee and Davis, 1992).   
The symptoms shown by infected plants include: yellowing or reddening of the leaves, 
shortening of the internodes with stunted growth, smaller leaves, excessive proliferation of 
shoots resulting in a witches' broom, phyllody, virescence (where normally colored plant parts 
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such as flowers are green in color), sterile flowers, necrosis of the phloem tissues, die back of the 
branches of woody plants, and the general decline and death of the plant (Agrios, 2005) 
Mixed infections are more common in places where the farming is intensive and mixed culture is 
routine. Mixed infections may also occur in insect vectors. Since susceptibility to Phytoplasma 
infection varies with each plant and vector species, the population profiles of mixed 
Phytoplasmas in these host plants or insect vectors are distinct from one another. As shown in 
Table (2) there are a number of Phytoplasma strains that induce different symptoms.   
Table 2 –Phytoplasma related host plant symptoms.   
‘Candidatus Phytoplasma 
species’  
 
Host plants  Main symptoms  
‘Ca. Phytoplasma 
allocasuarinae’  
Allocasuarina muelleriana  Yellows  
‘Ca. Phytoplasma  
asteris’  
Wide range of host plants  virescence, phyllody, flower 
streaking, yellowing, witches’ 
broom and stunting  
‘Ca. Phytoplasma 
aurantifolia’  
Citrus aurantifolia  Witches’ broom  
‘Ca. Phytoplasma 
australasiae’  
Carica papaya,related 
strains found on others  
Yellow crinkle and mosaic  
‘Ca. Phytoplasma 
australiense’  
Vitis, Carica papaya, 
Phormium tenax, Fragaria  
Yellows  
‘Ca. Phytoplasma 
brasiliense’  
Hibiscus rosa-sinensis  Witches’ broom  
‘Ca. Phytoplasma 
castaneae’  
Castanea sativa  Witches’ broom  
‘Ca. Phytoplasma 
cynodontis’  
Cynodon dactylon  Chlorosis, proliferation, stunting  
‘Ca. Phytoplasma fraxini’  Fraxinus, Syringa  Yellows  
‘Ca. Phytoplasma 
japonicum’  
Hydrangea  Phyllody  
‘Ca. Phytoplasma mali’  Malus, occasionally on 
other hosts  
Proliferation  
‘Ca. Phytoplasma oryzae’  Oryza sativa  Yellowing, stunting  
‘Ca. Phytoplasma 
phoenicium’  
Prunus dulcis  Lethal disease of almond  
‘Ca. Phytoplasma pini’  Pinus halepensis, P. 
sylvestris  
Abnormal shoot branching, 
dwarfed needles  
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‘Ca. Phytoplasma 
prunorum’  
Prunus spp. (detected also 
on other hosts)  
Yellows and decline  
‘Ca. Phytoplasma pyri’  Pyrus , Corylus avellana)  Decline  
‘Ca. Phytoplasma rhamni’  Rhamnus catharticus  Witches’ broom  
‘Ca. Phytoplasma spartii’  Spartium junceum, 
Sarothamnus scoparius  
Witches’ broom  
‘Ca. Phytoplasma trifolii’  Trifolium  Virescence, proliferation  
‘Ca. Phytoplasma ulmi’  Ulmus  Yellows  
‘Ca. Phytoplasma ziziphi’  jujuba  Zizyphus    Witches’ broom  
 
 
Source: Firrao et al. (2005) 
Phytoplasma infection causing symptoms like the proliferation of auxiliary shoots and an 
increase in size of the internodes (Lee et al., 2000) are considered useful in the commercial 
production of poinsettia. In this case the infection is necessary to produce more axillaries (side) 
shoots that enable the production of poinsettia plants that have more than one flower (Lee et al., 
1997).  
1.6. Current status of Phytoplasma disease in Ethiopia 
The presence of Phytoplasma infections in Ethiopia was reported by Arocha et al. (2006). The 
plants studied were Citrus orange (Citrus aurantifolia) and papaya (Carica papaya). These fruit 
plants are amongst the most common fruits grown in Ethiopia. Symptoms and significant yield 
loss were reported by the farmers. Symptoms in citrus include leaf interveinal chlorosis, mosaic 
or mottling, a reduction in size and curling of leaves.  In severe cases symptoms were premature 
fruit fall, twig drying and die black, and death of the tree (Arocha et al., 2006).  In papaya, the 
first symptom is a bright yellowing of the upper young leaves; later, symptoms of mosaic, 
18 
 
crinkling and leaf tip necrosis develop, followed by a drying of the upper leaves, which 
progresses to death of the whole plant (Arocha et al., 2006). 
According to Arocha et al. (2006), the 16S rDNA Phytoplasma sequences of a representative 
sample of papaya (Genbank acession No. DQ285659) and citrus (Genbank Accession No. 
DQ286576) were identical and their highest similarity (98%) was with papaya yellow crinkle in 
Australia (Genbank acession No. Y10097), a member of the 16SrII group (Candidatus 
Phytoplasma  aurantifolia).   
 
 Source: Arocha.,et al.(2006) 
Fig.6. (A) Symptoms on a papaya whole plant foreground and an unaffected plant behind, (B) 
symptoms on a papaya leaf.  
Apart from the fruits symptoms stunted disease were observed in the Napier grass germplasm 
collection of ILRI at its field stations in Debre Zeit and Zwai (Jones et al., 2004). Later it was 
reported that stunting syndrome of Napier grass in Ethiopia is associated with a 16SrIII Group 
phytoplasma Jones et al., 2007).  
Taye (2003) also reported that Parthenium hysterophorus (parthenium weed) was infested by 
Phytoplasma (Phyllody) in many areas of Ethiopia with significant reduction on morphological 
A
  
B
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parameters and seed production in the field.  Hence, Phytoplasma is considered potentially useful 
as biological control as a component of integrated parthenium management.  
1.7. Detection Methods of Phytoplasma    
In order to develop a detection method for Phytoplasma it is important to define the target 
organisms that should be detected. It is not completely known which type of Phytoplasma is 
causing which phenotypic changes in the host plant. Therefore, to detect whether a plant sample 
is infected with Phytoplasma or not, or to know the type of Phytoplasma that infects a particular 
plant, it is necessary to use an assay that detects all known types of Phytoplasma causing 
diseases.   
Several methods of Phytoplasma detection are applied to diagnose the disease. These methods 
include the following: 
1.7.1. Symptomatology   
Symptomatology is one of the major criteria for preliminary diagnosis of putative Phytoplasma 
diseases (Lee and Davis, 1992). The host-pathogen interactions lead to the development of 
symptoms that help for investigation and identification of the causal agents. Thus, 
symptomatology is a base for further diagnosis. 
1.7.2. Electron Microscopy (EM)  
Phytoplasmas can be detected by using ultrathin-section electron microscope (Chen et al., 
1989).The technique is sensitive, but Phytoplasmas are not always easily distinguishable from 
plant material or from other plant-pathogenic bacteria inhabitating the plant phloem. The method 
is very laborious and only applicable in specialized laboratories with a very expensive electron 
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microscope. To perform the analysis, highly trained personnel is needed. It is therefore, not 
suitable for high throughout analysis. 
1.7.3. Enzyme Linked Immunosorbent Assay (ELISA)  
ELISA is a technique based on mono and polyclonal antibodies. ELISA is used for the detection 
of specific Phytoplasmas but not always with convincing results (Chen et al., 1989). For the 
production of antisera, a relatively pure preparation of Phytoplasma is needed. However, 
Phytoplasmas can only be propagated in plant hosts, the complete purification of Phytoplasmas 
from plant material is almost impossible. The plant material interferes with the development of 
an ELISA test and can result in false positive reactions in Phytoplasma free samples (Lee and 
Davis, 1992). The use of monoclonal antibodies has recently improved the specificity and 
sensitivity of ELISA (Lee and Davis, 1992) but it is still difficult to develop new assays.  
1.7.4.  Polymerase chain reaction (PCR)  
The PCR method utilizes enzymatic exponential amplification of specific DNA sequences that 
involves multiple cycles of three steps that are performed at different temperatures to: (i) 
denaturate the DNA, (ii) anneal two oligonucleotide primers to the denatured DNA strands, and 
(iii) primer extension by thermostable DNA polymerases to synthesize the target sequence whose 
ends are defined by the primers. The presence of amplified DNAs is determined by gel 
electrophoresis analysis.  
PCR assays using universal primers are most useful for preliminary diagnosis of phytoplasmal 
diseases. Several universal and many Phytoplasma group-specific primers have been designed 
for routine detection of Phytoplasmas (Lee et al., 1998) 
The polymerase chain reaction (PCR) as a detection method is rapid, versatile, specific, and 
sensitive. PCR has been broadly used in plant pathology for the detection and diagnosis of 
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pathogens such as viroids, viruses, bacteria, phytoplasma, fungi, and nematodes (Henson and 
French, 1993).  
Nested-PCR assay is designed to increase both sensitivity and specificity. The assay is 
indispensable for the amplification of Phytoplasmas from samples in which low titers are 
present, or substantial inhibitors are present that interfere the PCR efficacy (Gundersen and Lee, 
1996). Nested-PCR is performed by preliminary amplification using a universal primer pairs 
followed by second amplification using a second universal primer pair. By using a universal 
primer pair followed by PCR using a group-specific primer pair, nested-PCR can detect  dual or 
multiple Phytoplasmas present in the infected tissues in case of mixed infection ( Lee et 
al.,1994).  Sensitivity and specificity problems associated with conventional PCR can be reduced 
by using nested PCR-based methods, based on two consecutive rounds of amplification 
(Simmonds et al., 1990).  
The advantage of nested PCR is that if the wrong PCR fragment was amplified in the first round, 
the probability is quite low that the region would be amplified a second time by the second set of 
primers. Thus, Nested PCR is a very specific PCR amplification (Gundersen and Lee, 1996). 
1.7.5.  Restriction Fragment Length Polymorphism (RFLP) 
RFLP is variation in the lengths of fragments of DNA generated by digestion of different DNAs 
with a specific restriction endonuclease, reflecting genetic variation (polymorphism) in the 
DNAs. The DNA fragments generated by digestion of a DNA preparation with one or more 
restriction endonucleases are usually separated by agarose gel electrophoresis and visualized by 
staining under UV light (Lee et al., 1998). Because the RFLP patterns characteristics of each 
Phytoplasma subgroup are reproducible, unknown Phytoplasmas can be properly identified by 
comparing the patterns of the unknown with the established RFLP patterns for known 
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Phytoplasmas without co-analyses of all reference representative Phytoplasmas (Lee et al., 
1998). 
1.7.6. Nucleic Acid Hybridization (NAH)  
Nucleic acid hybridization is a fundamental tool in molecular biology. In this assay individual 
single-stranded nucleic acid molecules form double-stranded molecules (that is, to hybridize to 
each other). In other words hybridization means the formation of DNA-RNA or DNA-DNA 
complex (Albrechtsen, 2006).  Thus, Nucleic acid hybridization is a method for identifying 
closely related nucleic acid molecules within two populations (two sources of nucleic acids), a 
complex target population (complex, heterogeneous population of nucleic acid molecules) and a 
comparatively homogeneous probe population that typically consists of a homogeneous 
population of identified molecules (e.g. cloned DNA or chemically synthesized oligonucleotides)  
(Strachan and Reed, 1999). The hybridization assays use cloned Phytoplasma DNA or their 
complementary RNA probes that are useful for detection and differentiation of Phytoplasmas 
(Lee et al., 1992).  
Three types of molecular hybridization are practiced: Solution hybridization, in which both 
probe and target are in solution during the hybridization process, it usually used in basic studies 
(Albrechtsen, 2006).). Filter hybridization, is where the target is immobilized prior to the 
hybridization. In situ hybridization allows specific nucleic acid sequences to be detected directly 
in preserved cells or tissue sections (Albrechtsen, 2006).  
1.7.6.1. Filter Hybridization is the most common technique for detection; it is also called as 
Dot-Blot Hybridization or Nucleic Acid Spot Hybridization (NASH) (Albrechtsen, 2006).  
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The principles of NASH are generally the same like other hybridization techniques, however in 
NASH the target nucleic acid is immobilized on a solid support, such as a membrane made of 
nitrocellulose or nylon, to which single-stranded DNA binds readily. Attachment of labeled 
probe to the immobilized target DNA can then be followed by removing the solution containing 
unbound probe DNA, extensive washing and drying in preparation for detection (Albrechtsen, 
2006). The sensitivity of Phytoplasma detection by hybridization seems to exceed that of the 
ELISA method (Albrechtsen, 2006). 
NASH method can also be used for initial screening of viral pathogen for germplasm health.  
Arocha et al. (2004) did cost estimate for NASH; accordingly the methodology presents a cost of 
$8.25 per determination, being lower than the cost of nPCR/HaeIII ($12.50 per determination) 
and those assays from the international market based on HAN analysis for the differentiation of 
Phytoplasma strains ($25.00 per determination). Hence NASH permits to offer possibilities of 
diagnostic service of Phytoplasma diseases and plant viruses in countries like Ethiopia. 
1.8. Importance and limitation of the study  
International Livestock Research Institute (ILRI) and other sources are distributing Napier grass 
cuttings for cultivation to promote the cut and carry feeding system in to Ada woreda (Debre 
Zeit) small livestock keepers, especially dairy farmers. 
Though, ILRI distributed apparently clean cuttings to the farmers, it was only recently that 
disease was identified. Therefore, it is important to screen to see if the distributed Napier grass is 
infected by the Phytoplasma and the extent of transmission. This would show whether insect 
vectors are spreading the infection in the area. Since there are different Phytoplasmas infecting 
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Napier grasses in East Africa, it is important to identify the type of Phytoplasma causing Napier 
Grass Stunt Disease (NGSD) in Ada woreda.  
Phytoplasma was diagnosed only from the fields of the research station (ILRI) so disease 
condition of the Napier grass in the area where the forage grass was distributed was not studied.  
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2. OBJECTIVE 
2.1 General objective 
The general objective of this study is to detect the causative agent of stunt disease on Napier 
grass at Debre Zeit Research stations and in different farmers’ fields in Ada woreda.  
2.2 Specific objectives 
1. To detect the presence of the causative agent of Napier Grass Stunt Disease in Ada 
woreda using NASH technique 
2. To study variability in the Phytoplasma causing NGSD using PCR-RFLP.  
3. To compare the PCR and NASH results of Phytoplasma of the plant.  
4. To correlate the symptoms of the disease and the presence of Phytoplasma in the plant. 
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3. MATERIALS AND METHODS  
3.1 study area  
The study area was at Debre Zeit and surrounding research farms at Ada woreda. located around 
50 kilometers South East of Addis Ababa, 8°47.28 N; 38°59.17E. Altitude is 1850 m.a.s.l. it 
receives about 928 mm of rainfall per annum, average temperature is about 18°C with maximum 
and minimum temperatures of 25.6°C and 10.6°C, respectively (National Meteorology Institute, 
Addis Ababa, Ethiopia). The area has high agricultural potential especially for small-holder dairy 
production. Small holder dairy farming is practiced.  Ada’ Liben dairy association is also located 
in this area.  
Field surveys were conducted in the woreda from 15 farmers’ field of 5 villages (Babogaya, 
Gendegorba, Korki, Buti, Makana). International Livestock Research Institute (ILRI/Debre Zeit) 
gene bank, Ethiopian Institute of Agricultural Research (EIAR/Debre Zeit) and Genesis Farm 
were also involved in the study.  Series of laboratory and screen house experiments were carried 
out at ILRI Addis Ababa genetic diversity. 
3.2. Screening the presence of Phytoplasma  
The study was conducted during November 2007 to June 2008 to determine the incidence of 
Phytoplasma in Napier grass plantings.  This included symptom detection (Symptomatology) and 
laboratory diagnosis. 
3.2.1. Symptomatology (field diagnosis). 
Field to field observation for preliminary diagnosis for the presence of symptoms was done in all 
selected areas (where Napier grass was distributed) in the woreda. This survey was done to 
observe the extent of damage on the Napier grasses by NGSD by looking for symptoms 
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indicated in previous studies; such us, yellowing or reddening of the leaves, shortening of the 
internodes with stunted growth leaves, excessive proliferation of shoots etc…  
A total of 60 Napier grass accessions were observed, 59 accessions were from ILRI gene bank 
originated from 11 countries (Table 3).  
Table 3. Napier grass accession numbers at ILRI gene bank   
ILRI acc. No.          Species                                   Origin             other numbers 
1026                Pennisetum purpureum                Burundi 
14355  Pennisetum purpureum                 Ethiopia 
14389 Pennisetum purpureum            Nigeria             
14982  P. purpureum×P. glaucum                N1423174 
14983   Pennisetum purpureum                N12 
14984     Pennisetum purpureum                N24-5 
15357 P. purpureum×P. glaucum        USA  
15743        Pennisetum purpureum               cv. MottN75, PI517947 
16621  Pennisetum purpureum      Namibia 
16782              Pennisetum purpureum               Tanzania       AMF531, SDPP1 
16783  Pennisetum purpureum      Tanzania               AMF533, SDPP2 
16784  Pennisetum purpureum      Tanzania               AMF425, SDPP3 
16785  Pennisetum purpureum      Tanzania               AMF017, SDPP4 
16786              Pennisetum purpureum          Swaziland              SDPP5 
16787  Pennisetum purpureum      Swaziland               SEL49, SDPP6 
16788  Pennisetum purpureum      Swaziland               SDPP7 
16789  Pennisetum purpureum      Swaziland               SDPP8 
16790  Pennisetum purpureum      Swaziland               SDPP9 
16791  Pennisetum purpureum      Swaziland               SDPP10 
16792  Pennisetum purpureum      Mozambique          IPA1, SDPP11 
16793  Pennisetum purpureum      Cuba    IPA2, SDPP12 
16794  Pennisetum purpureum      Mozambique   IPA3, SDPP13 
16795  Pennisetum purpureum      Zimbabwe     SDPP14 
16796  Pennisetum purpureum      Zimbabwe      SDPP15 
16797  Pennisetum purpureum      Zimbabwe        SDPP16 
16798  Pennisetum purpureum      Zimbabwe               SDPP17 
16799  Pennisetum purpureum      Zimbabwe               SDPP18 
16800  Pennisetum purpureum      Zimbabwe               SDPP19 
16801  Pennisetum purpureum      Zimbabwe               SDPP22 
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16802  Pennisetum purpureum    Zimbabwe              SDPP23 
16803  Pennisetum purpureum    Zimbabwe     SDPP24 
16804              Pennisetum purpureum              USA   N7, SDPP25 
16805  Pennisetum purpureum    USA   N9,SDPP26 
16806  Pennisetum purpureum    USA              N13,SDPP28 
16807  Pennisetum purpureum    USA   N14,SDPP29 
16808  Pennisetum purpureum    USA                        N16, SDPP30 
16809  Pennisetum purpureum    USA   N20, SDPP31 
16810  Pennisetum purpureum    USA   N23, SDPP32 
16811  Pennisetum purpureum    USA   N34-1,SDPP33 
16812  Pennisetum purpureum       USA   N39-2, SDPP34 
16813  Pennisetum purpureum    USA   N67,SDPP35 
16814  Pennisetum purpureum    USA   N74, SDPP35 
16815  Pennisetum purpureum    USA   N114, SDPP37 
16816              Pennisetum purpureum             USA                         SDPP 39, TIFIN 122 
16817  Pennisetum purpureum    USA              N126, SDPP40 
16818  Pennisetum purpureum    USA   N127, SDPP41 
16819  Pennisetum purpureum    USA   N132, SDPP42 
16821  Pennisetum purpureum    Zimbabwe              SDPP50 
16822  Pennisetum purpureum    Malawi             SDPP51 
16834  P. purpureum×P. glaucum               SDPN2 
16835  P. purpureum×P. glaucum               SDPN3 
16836  Pennisetum purpureum               SDPP21 
16837  P. purpureum×P. glaucum               SDPN29 
16838  P. purpureum×P. glaucum               SDPN38 
16839  Pennisetum purpureum               SDPP48 
16840              P. purpureum×P. glaucum 
16902  P. purpureum×P. glaucum               SDPN20 
18438              Pennisetum purpureum        Tanzania 
18448  Pennisetum purpureum             Tanzania 
Source: ILRI gene bank Data base, (2007)  
One unknown accession (imported Napier grass) is found in the Genesis farm. 
Among the Napier grass accessions 14984, 16786, 16837 and 16835 are recommended accession 
by ILRI genetic diversity as best for Ada area. These accessions were planted Ethiopian Institute 
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of Agricultural Research (EIAR).  Only accession, 14984 is distributed by ILRI among five 
farmers’ villages to promote cut and carry feeding system. All sites were covered in this study. 
3.2.2. Detection of Phytoplasma using Nucleic Acid Spot Hybridization (NASH) technique 
Nucleic Acid Spot Hybridization (NASH) procedure (Arocha, 2004) was followed. 
3.2.2.1. Sample collection: the eight sites were the places where Napier grass was distributed.  
Table 4. Sites of Napier grass sample collection. 
 
 
 
 
 
 
 
 
 
603 Napier grass samples were collected in batch from the sites and studied for the presence of 
Phytoplasma (NGSD). Batch sampling of Napier grass leaves was done randomly on selected 
locations at a regular interval, 1meter between plants. Fields were selected regardless of the size 
and growing conditions of Napier grass. Observation of stunting symptom was done while 
Number 
of 
samples  
 Location  Accession  numbers  
471 ILRI 59 accessions (table 3) 
45 EIAR 14984, 16786, 16837 
38  Babogaya 14984 
7  Gendegorba 14984 
12 Korki 14984 
6  Buti 14984 
19 Mekana 14984 
5 Genesis 
Farm 
Unknown  
603 TOTAL  60 
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sample were collected from the fields. Series of laboratory and screen house experiments were 
carried out at ILRI Addis Ababa genetic diversity. 
3.2.2.2. Laboratory analysis  
The collected Napier grass leaves and Phytoplasma positive controls (plants were formerly  
preserved) were analyzed.  
 Table 5. Positive control plants used for NASH analysis. 
 
Source: Arocha et al. (2007) (See Appendix 1-Phytoplasma strain designation and origin). 
The NASH analysis method has six steps, with some washing steps:  
(1) Extracting Phytoplasma DNA from the plant sample. 
 0.3grams of leaves were ground with 0.9 ml AMES extraction buffer (3% SDS, 20% 
Ethanol, 0.5M Sodium Acetate, 10mM MgCl2) using extraction bag and pestle, and the 
extract was collected from the opposite part of bag into 0.5ml Eppendorf tube.  
  
                               
  
 
Fig.7. Exteaction of whole DNA from Napier grass sample 
 
 
Acronym Phytoplasma strain designation and origin 16Sr 
Group 
Acc. No. 
NGS-E-N Napier Grass Stunt Phytoplasma in Napier grass, 
Ethiopia 
16SrIII-A DQ305977 
Ahal A riplex halimus, Ethiopia 16SrII-D DQ305985 
Arha Atriplex rhagodioides, Ethiopia 16SrII-D EU137845 
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(2) Spotting onto nylon membrane. 
 
Hybond-N+ nylon membrane (Amersham bioscience) was fit into microfiltration unit (minifold) 
and attached with a vacuum (Schleicher & Schuell Minifold IICSR 072/0). Then 50µl sample 
extracts and controls (positive and negative) were spotted onto the manifold and kept for 30 
minutes for suction (Fig.8). 
  
Fig.8. Spotting DNA extract on to nylon membrane  
 
(3) Fixing DNA to membrane using UV X-linker. 
Once the extract passed through the membrane it was allowed to dry .The membrane was backed 
in UV cross linker (Amersham Bioscience) (700*100 µj/cm2) for 5 minutes to fix DNA (from 
the extract) to nylon membrane (Fig.9) 
               
 
Fig.9.  Fixing the DNA to Hybond-N+ nylon membrane  
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(4) Hybridization  process (from AlkPhos DirectTM protocol ) 
A. Probe labelling:  The probe was labelled by the direct labelling system of DNA probes with 
alkaline phosphatase and chemiluminiscent detection with CPD-Star kit (AlkPhos, 
Amersham LIFE SCIENCE, UK). 
The process involved thermostable alkaline phosphatase enzyme (Amersham bioscience, 2002). 
Unlabelled stock DNA probe (solution 4100 ng/l) was prepared by Central Science Laboratory 
UK by PCR amplification of plasmid with insert “nested hae III”, a 1000bp. (fragment of 
Phytoplasma DNA). 20 µl (50ng / µl) probes DNA is completely denatured (95ºC, 5 minutes) 
using PCR machine, to make it single stranded. In order to covalently couple the enzyme to the 
nucleic acid probe, cross-linker (20 µl), labelling reagent (4 µl), reaction buffer (20 µl) were 
mixed and incubated for 30 minutes at 37 ºC in PCR machine. 
B. Hybridization: the target DNA fixed nylon membrane was put in 25 ml Hybridization buffer 
prepared (100ml hybridization buffer, 2.92g Sodium chloride, 4g Blocking reagent source) 
for 15 minutes, at 55 ºC.  Then labeled probe (40 µl) was added and allowed to incubate 
(55C) overnight in hybridization oven by rotating it slowly.  
 
 
   
 
 
 
 
 
 
Fig.10. Hybridizing membrane fixed target Phytoplasma DNA with labelled probe 
 
 
33 
 
(5)  Stringency washes  
The hybridizing buffer was poured off and Pre warmed (55C) primary wash buffer (2M Urea, 
0.1% SDS, 0.5M Sodium phosphate pH 7) was added in the hybridizing tube and the membrane 
was washed for ten minutes twice. With secondary wash buffer (1M Tris Base, 2M NaCl, pH 10, 
MgCl2)  blots were washed at room temperature for five minutes twice.  
(6) Signal generation and detection   
In order to detect the hybridization, CDP- starTM Detection Reagent was applied (30 µl/cm2) on 
the drained membrane for 5 minutes at room temperature and sealed in acetate sheets.  The 
system was put in a cassette and filmed in a dark room after having incubated it for 4 hours at 
room temperature. Film was developed in dark room following manufacturer specification (5 
minutes in developer, rinse in water, 5 minutes in fixer, rinse in water, drain). The film was read 
using light. 
       
    ( A)                                 (B)                            (C)                             (D) 
Fig. 11. Signal generation and detection. (A) Putting acetate sealed membrane in the cassette. 
(B) Covered cassette to expose membrane to film while incubating at room temperature. (C) 
Developing film. (D)  Detecting result (reading result). 
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3.3.  The effect of cutting on the disease and symptom development on farm  
Napier grass Cuttings from four accessions, (14984, 16786, 16835, and 16837) mother plants 
were planted in the field of EIAR/ Debre Zeit forage farm. Fifty five plants from each accession 
were planted. Every growing condition was kept uniform and 164 stools of Napier grass 
established. Every stool was numbered (tagged). Sample leaves were collected from each stool 
after each three cuttings ,every three months for nine months, and two parameters were observed, 
symptom development and laboratory detection for the presence of Phytoplasma.  The screening 
procedure was NASH; based on subjective comparision of the developed film, the results were 
recored as clean (0), mild infection (0.5), highly infected (2+) and dead (for dried plants). The 
relation of cutting and disease abundance, relation of accession with disease, and relation of 
disease with symptom was studied.  
3.4. Study of Infection Pattern of the Napier Grass Stunt Disease (In screen house)   
This part of the study was done to see the pattern of the disease once the plant was infected. The 
parent tillers in the field were first observed for symptom and screened for Phytoplasma. Then 
plants that were diagnosed positive for Phytoplasma were used for studying the post infection 
pattern of the disease in individual tillers of the plant without the interference from vector 
insects. New tillers growing were screened for Phytoplasma and symptom was observed. 
 Individual tillers (root splits) were planted in pots and put in a screen house provided with insect 
trap to avoid new infection from vectors, the pots were also nourished with manure to avoid 
confusion of symptom developed with malnutrition. The spread of pathogen to the young tissues 
(tillers) was studied at five cuttings (every month). Finally the roots and canes were screened for 
the presence of the pathogen.  The same protocol of NASH analysis was followed. Based of 
subjective and objective comparisions, NASH analysis results were recorded as 0 (negative), 0.5 
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(trace), 1 (+), 2 (++), 3(+++), 4 (++++) and symptom was graded as 0 (negative), 1 (positive). 
Symptoms were recorded as 0 for no symptom and 1 for the presence of symptom.  
 
Fig. 12 Preparation of tillers for screen house study 
 
3.5. Screening of pathogen from individual leaves 
This part of the study was done to assess the correlation between the infection and the symptom 
in different leaves of the same tillers. Percentage of infected leaves was calculated from the total 
leaves screened. 
3.6. Detection of Phytoplasma Using Polymerase Chain Reaction (PCR)  
Three steps are followed for phytoplsama DNA amplifiction; DNA extraction, first round PCR 
and nested PCR.   
3.6.1 DNA extraction from Napier grass  
The basic DNA extraction method was according to Doyle and Doyle (1990). 300mg of fresh 
Napier grass was ground using mortar and pestle to powder in liquid nitrogen then transferred to 
sterile 1.5ml microcentrifuge tube while still frozen. 800µl hot (65oC) Cetyltrimethylammonium 
bromide buffer (CTAB buffer: 2% CTAB (SIGMA M-7635), 1.4 M NaCl, 20 mM EDTA, 100 
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mM Tris–HCl, pH 8.0, 0.2% 2-mercaptoethanol) was added, mixed and incubated for 30 minutes 
at 65 o C. Equal volume of chloroform: Iso amyl alcohol (24:1) was added and mixed with 
vortex, centrifuged for 10 minutes at 4000 rpm. The upper aqueous layer was carefully removed 
to clean eppendorf tube and equal amount of cold isopropanol was put and kept overnight in 
deep freezer (-20o C). Centrifuged at 14,000 rpm (eppendorff centrifuge 5415c) for 30 minutes 
pouring off the supernatant, the pellet was washed with 70% ethanol, dried in vacuum 
desiccators (kartell) and the pellet re-suspend pellet in 100µl TE buffer (10Mm Tris-HCL, 1Mm 
Na2-EDTA, pH 7.4).  The of length DNA fragment was estimated by electrophoresis using 1.2 % 
agarose gel stained with CYBR GOLD nucleic acid stain (SIGMA UK),  and then visualised 
with UV illumination and the length of obtained DNA fragments estimated. 
3.6.2. Polymerase Chain Reaction (PCR) 
DNA was amplified by Polymerase Chain Reaction (PCR) using the Phytoplasma primer pair, 
forward: P1m (5’- GAG TTT GAT CCT GGC TCA TCA GGA T – 3’) (Hoen et al, 2007) and 
reverse: P7 (5’- CGT CCT TCA TCG GCT CTT- 3’) (Deng and Hiruki, 1991) for first round 
amplification. The primers were derived from highly conserved ribosomal sequences and prime 
at the 5’ end of the 16S rRNA gene and in the 5’ region of the 23S RNA gene, respectively.  
They were reported to be universal for Phytoplasma detection and amplify a DNA fragment of 
approximately 880 bp in length. The reactions were performed in 25l volume of reaction 
mixture containing 1l of the nucleic acid sample (sample DNA), 5 l of Taq polymerase buffer 
(1x) with MgCl2 (1.5 mM), 0.5l of dNTP mix 1 l of each primer pair (working concentration 
of 0.4  m), 1 u/l Taq-DNA polymerase (working concentration of 0.625 U/l), water to a total 
volume of 25 l.  
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35 PCR cycles were conducted in automated Temperature Cycler (PERKIN ELMER, GeneAMP 
PCR System 2400). The following parameters were used: preheating at 95 C for 3 min for the 
first cycle, denaturation at 95 C for 30 seconds, annealing at 55 C for 1 min, and primer 
extension/polymerisation at 72 C for 1 min and 30 seconds, and the final polymerisation at 72 
C for 10 min. Control tubes without DNA template (only sterile deionised distilled water) was 
used as negative control. For positive control Green Valley X-disease group (16SrIII) associate 
with Ethiopian Napier stunt and Rice Yellow Dwarf group (16Sr XI) (sent from Phytoplasma 
collection at Rothamsted Research, UK.) 
Nested PCR (second round PCR): PCR Products (amplicons, of samples and controls) from the 
first round were used for the nested (second round) using the primer pair, forward: Fu5 (5’-CGG 
CAA TGG AFF AAA CT-3’) and Ru3 (5’-TTC AGC TAC TCT TTG TAA CA-3’) (Lorenz et 
al., 1995). The reactions were performed in 40l f reaction volume mixture containing 1l of the 
first PCR product, 8l of Taq polymerase buffer (1x) with MgCl2, 0.8l of dNTP mix, 2 l of 
each primer pair (working concentration of 0.5  m), 1 u/l Taq-DNA polymerase (working 
concentration of 0.6 U/l), water to a total volume of 40 l.  
35 PCR cycles were conducted in automated Temperature Cycler (PERKIN ELMER, GeneAMP 
PCR System 2400). The following parameters were used: preheating at 92 C for 1 min and 15 
seconds for the first cycle, then denaturation at 92 C for 30 seconds, annealing at 57 C for 30 
min, and primer extension/polymerisation at 72 C for 50 seconds for 35 cycles, and the final 
polymerisation at 72 C for 10 min. PCR product was estimated by electrophoresis using 1.2 % 
agarose gel stained with CYBR GOLD nucleic acid stain (SIGMA UK), and then visualised with 
UV illumination. 
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3.6.3 RFLP 
10 µl amplicons from the Nested PCR products were digested with restriction enzymes  Taq 1, 
Rsa1, Alu1 and Hpa II (SIGMA UK), according to manufactures instructions, over night at 37C.   
After restriction digestion, 10µl of the restriction digests were electrophoresed through 1.2% 
agarose gel using TAE (40 Mm Tris-acetate, 1 Mm EDTA) as running buffer. DNA fragments 
were stained with CYBR GOLD nucleic acid stain (SIGMA UK), visualized by UV trans-
illumination, and photographed. Sensitivity, specificity and efficacy were calculated according to 
Arocha et al. (2004): 
Diagnostic specificity (D-SP)=Vn/(Vn+Fp), Diagnostic sensitivity (D-SN)=Vp/(Vp+Fn), 
Efficacy (E)=Vp+Vn/Vp+Vn+Fp+Fn, 
Where sample values:  
 Vp: real positive value, Vn: real negative value, Fp: false positives and Fn: false negative. 
Real positive (Vp) were those samples positive by NASH and nPCR. 
Real negative (Vn), negative samples by NASH and nPCR.  
False positive (Fp), positive samples by NASH and negative by nPCR. 
False negative (Fn), negative samples by NASH and positive by nPCR. 
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4. RESULTS  
4.1. Symptomatology (field diagnosis). 
Field surveys were conducted in Ada woreda from 15 farmers’ field of 5 villages (Babogaya, 
Gendegorba, Korki, Buti, Makana). International Livestock Research Institute (ILRI/Debre Zeit) 
gene bank, Ethiopian institute of agricultural research (EIAR/Debre Zeit) and Genesis farm were 
also involved in the study.  Observed sites were negative for Phytoplasma symptoms. But only 
one farmer’s Napier grass field at Buti and at genesis farm. A total of 603 batch samples of 
Napier grass leaves were taken from 60 Napier grass accessions and were analyzed for the 
presence of Phytoplasma using Nucleic Acid Spot Hybridization (NASH) method. The 
laboratory analysis diagnosed that 4.3% of the total sample was Phytoplasma positive, but only 
0.8 % was symptom positive. Result is summarized in Table 6. 
Table 6. NASH detection of Phytoplasma in Ada woreda 
 Location  Number of accession. Number of 
samples  
samples positive 
for Phytoplasma 
 % positive for 
Phytoplasma 
%  positive 
for symptom 
ILRI 59 accessions   (Table 3) 471 11 3 0 
EIAR 14984,16786 and 16837   45 10 22 0 
 Babogaya 14984 38 0 0 0 
 Gendegorba 14984 7 0 0 0 
Korki 14984 12 0 0 0 
 Buti 14984 6 3 50 50 
Mekana 14984 19 0 0 0 
Genesis 
Farm 
Unknown  5 2 40 40 
TOTAL  60 603 26 4.3 0.8 
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Yellowing symptom was observed in the Genesis farm. The healthy plants were green and 
strong, while the symptomatic grass had yellow and soft leaves. (Fig. 13) 
 
 
 
Fig.13. Healthy and infected Napier grass: A) yellowing of diseased Napier grass, B) healthy 
plants, c) diseased Napier grass (red arrow) and healthy Napier grass (white arrow).  
B A
  
C 
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The result of phytoplsma distribution  in Ada woreda accession 14984, which is the common 
accession that ILRI distributed in its extension sites in Ada woreda, showed that only Napier 
grass at Buti was indicated positive for Phytoplasma and half of the Napier grasses showed some 
symptoms of abnormality.  
The incidence of Phytoplasma disease was recorded based on the results obtained from NASH 
analysis of the three common accessions 14984,16786 and 16837  at ILRI and EIAR fields. 
According to the results of the analysis, the samples taken from Napier grass accessions 16786 
and 16837 in  EIAR field were 35% and 31% positive for Phytoplasma repectively, this 
attributed for the 22% Phytoplasma positive result EIAR Napier grass field (Table 6). Whereas, 
no infection was detected for the same accessions of Napier grass at ILRI field. However 
accession 14984 was negtive for Phytoplasma in both fields.  
Even though the disease was detectded, no symptomes was observed in anyNapier grass 
accessions of EIAR fields (Fig.14). 
                 
Fig. 14. Comparsion of Phytoplama infection of same accessions at ILRI and EIAR fields. 
42 
 
 4.2. Effect of cutting on Napier grass stunt disease on farm . 
The impact of cutting on the incidence of Phytoplasma in four Napier grasses accessions 14984, 
16786, 16835, and 16837 was studied in the farm trial. Samples were taken from 164 stools for 
analysis using NASH and suspected symptoms and death of plants were recorded. Based on 
subjective comparision of the developed film, the results were recored as clean (0), mild 
infection (0.5), highly infected (2+) and dead (for dried plants). 
In three consecutive cuttings among the samples taken from four Napier grass accessions 14984, 
16837, 16835 and 16786 the high infection was detected as 1%, 2%, 9% and 15% respectively.  
Mild infection was also recorded in 16837, 14984, 16786 and 16835 as 16%, 17%, 41% and 43% 
respectively. Therefore, the most affected accessions were 16786 and 16835 while accessions 
14984 and 16837 were less affected (Fig.15) 
 
            
Fig. 15 Relation of Napier grass accessions and Phytoplasma infection.  
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The NASH analysis result showed that with cutting, regardless of plant accession intensity of 
Phytoplasma infection increased and the percentage of healthy grasses decreased from 51% to 
14% (Fig. 16).  Severe infection increased from 3% to 16%.  
       
                  
Fig.16 Relation of cutting and Phytoplasma infection   
At the third cuttings plants showed some symptoms, but most were not related with the NAHS 
results.   
 
4.3. Study of Infection Status in tillers of Napier grass in screen house. 
Root splits (separate tillers) of Phytoplasma positive Napier grass were planted in 10 separate 
pots in a screen house. Tillers were cut and tested for the presence of phytoplasma, and NASH 
analysis result showed that after the sixth cutting nine out of ten tillers were diagnosed positive 
for Phytoplasma (Table 7). Generally symptoms started showing after the fifth cutting (Table 8). 
NASH analysis results were recorded as 0 (negative), 0.5 (trace), 1 (+), 2 (++), 3(+++), 4 (++++) 
and symptom was graded as 0 (negative), 1 (positive).  
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Table 7.  NASH result for the presence of Phytoplasma in seven times cutting  
Tillers  1st cut  2nd cut 3rd cut 4th cut 5th cut 6th cut 7th cut 
T1 2 2 2 1 1 1 2 
T2 0 1 0 0 0 1 1 
T3 0 0 0 0 0 1 1 
T4 1 1 0 0 0 1 1 
T5 0 2* 2* 0 0 0 1 
T6 0 1 1 0 0 0 0 
T7 1 0 0 0 0 0 1 
T8 0 0 0 1 0 0 1 
T9 0 0 0 0 0 0 1 
T10 0 1 2* 0 0 1 1 
*sample taken from drying tiller  
 
Table 8.  Symptom expression in seven times cutting  
Tillers 1st cut  2nd cut 3rd cut 4th cut 5th cut 6th cut 7th cut 
T1 1 1 1 1 1 1 1 
T2 0 0 0 0 0 1 1 
T3 0 0 0 0 0 1 1 
T4 0 0 0 0 0 1 1 
T5 0 0 1 0 0 1 1 
T6 0 0 0 0 0 1 1 
T7 0 0 0 0 0 1 1 
T8 0 0 0 0 0 1 1 
T9 0 0 0 0 0 1 1 
T10 0 0 0 0 0 1 1 
     
4.4. Study of the Stunt Disease and Symptom in Newly Grown Tillers. 
Root splits (18 separate tillers) of Phytoplasma positive Napier grass were planted in separate 
pots in a screen house. NASH analysis results were recorded as 0 (negative), 0.5 (trace), 1 (+), 2 
(++), 3(+++), 4 (++++) and symptom was graded as 0 (negative), 1 (positive). Tillers were cut 
successively to study the pattern of the disease spread in a plant. The result of NASH analysis 
showed that Phytoplasma increased and started declining. And new plant tillers showed the same 
trend. New shoots growing from the middle part of the infected cane showed immediate disease 
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incidence compared to those which grew from the root of the infected tiller (Fig.17a). In all cases 
symptoms were seen after the fourth cut in all tillers. (Fig.17b) 
 
 Fig.17a. Phytoplasma distribution pattern in infected Napier grass. 
 
            
Fig.17 b symptom pattern in infected Napier grass.  
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Shoot 1- originally Phytoplasma infected tiller.  Shoot 2- new tiller grown from the bottom of the 
old tiller after 3rd cut.  Shoot 3- new tiller grown from the root (second new growth). Shoot 4- 
new tiller grown from the middle part of the second tiller after 3rd cut.      
 
   
Fig.18. Phytoplasma infected tiller grown to a new plant after 3rd cut: (a) new tiller grown from 
the middle part of old tiller (shoot 2 in Fig.17). (b) New tiller grown from the basal part of old 
tiller (shoot 2 in Fig.17). (c)  New tiller grown from the root (shoot 3 in Fig. 17).  
Repeated cutting initiated symptoms of Phytoplasma in infected tillers. The symptomatic Napier 
grassed were observed to have excessive branching reduced plant height and leaf size (Fig 20B). 
Moreover, the diseased tiller formed stunted auxiliary shoots from the crown or nodes of the 
stem (Fig 21). Early death and growth failure was also observed (Fig 19B). 
a
A 
c 
b 
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Fig.19. (A) Napier grass (positive for Phytoplasma) (B) fails to grow (dried) after first cut  
 
Fig20. (A)Tiller at first cut no symptom. (B) Tiller after 7 cuts, thin, red, broom leaves grown  
A B 
B
b 
A
A 
Red leaves 
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Fig. 21 Formation of stunted axillariy shoots from the crown or nodes of the stem. 
At the end, symptom was developed and analysis was positive; the roots and the cane were also 
analyzed for Phytoplasma to see if Phytoplasma is present. The result showed that the roots and 
stems were also positive for Phytoplasma (Table 9). 
Table 9. NASH result for leaves, cane, and root. 
Tiller  # Leaf Cane Root 
T-1 4 2 3 
T-2 3 4 3 
T-3 3 4 3 
T-5 2 2 2 
T-6 1 0.5 1 
T-7 1 2 1 
T-8 1 1 2 
T-9 1 0.5 1 
T-10 2 2 2 
T-11 2 4 3 
T-12 3 1 1 
T-13 1 1 1 
T-15 1 1 2 
T-16 2 1 1 
T-17 2 2 3 
T-18 0.5 0.5 2 
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4.5. Screening Individual Leaves For Phytoplasma  
35 leaves from five separate positive tillers were analyzed for the presence of Phytoplasma and 
its correlation with observed symptom is summarized in Table 10.  
Table 10.   Relation of Phytoplasma with symptom  
Tiller # Nash+/Sym+ Nash+/Sym- Nash-/Sym+ Nash-/Sym- Total 
5 3 1 1 2          7 
7 5 2 0 0 7 
8 5 2 0 0 7 
9 3 4 0 0 7 
13 5 2 0 0 7 
Total 21 11 1 2 35 
% 60 31 3 6 100 
 
The following pictures show abnormal leaves (symptoms) which were observed on infected leaves.  
      
(a) Healthy leaf          (b) White spotted                       (c) Red pigment edged leaf 
 
     (d)  Marginally wrinkled leaves               (e) wrinkled leaves across leaf tip  
Fig. 22.  Type of abnormalities observed from leaves samples.  
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4.6. Detection of Phytoplasma using Polymerase Chain Reaction. 
Nested PCR amplification products showed that amplified DNA fragments were obtained from 
specimens that correspond to that of fresh plant material (Fig.23). Lane 2 and 3, Napier grass 
from Genesis farm, were not amplified.   Lane 4- P.clandestinum, showed strong band. Lane 5, 
6,8,11 and 12, Napier grass (EIAR/DZ) showed strong band.  Lane 9 Napier grass (EIAR/DZ) 
showed low concentration of amplified product. Lane 7 and 10, Napier grass (EIAR/DZ) showed 
no amplification (Fig 23).  The presence of PCR products confirmed the presence of 
Phytoplasma in fresh specimens positive for NASH and showing symptoms of the disease. 
                         1        2     3     4     5      6       7      8     9     10    11    12     13    14 
                 
Lane Sample material Lane Sample material 
1 DNA marker (1kb) 9 diseased Napier grass (EIAR A7) 
2 diseased Napier grass (Genesis farm) 10 diseased Napier grass (EIAR A8) 
3 diseased Napier grass (Genesis farm) 11-12 diseased Napier grass (EIAR A9, 13) 
4 
5  
6   
7          
diseased P.clandestinum (J1) 
diseased Napier grass (EIAR A2) 
diseased Napier grass (EIAR A3) 
diseased Napier grass (EIAR A4) 
13 
 
14        
 
DNA Green valley X GV , group 16Sr 
III (positive control)  
Sterile distilled water (negative 
control) 
8 diseased Napier grass (EIAR A5)   
Fig.23. PCR amplification of Phytoplasma DNA from diseased Napier grasses and reference 
            Sample DNA of Group 16Sr III 
750kb 
A 
1000kb 
A 
1500kb 
A 
865kb 
A 
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4.7. RFLP Analysis 
Digestion of the amplified PCR products with HpaII (Fig. 24 A), AluI (Fig. 24 B) and TaqI (Fig. 
24C) restriction endonucleases, respectively, showed similar restriction profiles of Phytoplasma 
DNA from Napier grass samples that were obtained from the Phytoplasma DNA of Green Valley 
X-disease group (16SrIII) associate with Ethiopian NGSD, and Rice Yellow Dwarf group (16Sr 
XI) associated Kenyan NGSG (Rothamsted Research, UK.). Whereas, digestion with RsaI 
(Fig.24 D), Phytoplasma DNA from diseased from Napier grass samples showed restriction 
profile that corresponds to 16Sr XI but not to 16SrIII. Nested PCR amplicons, amplified with the 
same primers as the sample DNA were digested with Ras I. When compared with the restricted 
fragments of the positive control Phytoplasma amplicons, here also the fragments matched the 
16Sr XI group (Fig 25). 
 
     Lane         Sample material (A)                            Lane         Sample material (B) 
      1              DNA marker                                         1-5        Phytoplasma infected Napier grass  
      2-6           Phytoplasma infected Napier grass        6 -       Group 16Sr III (positive control) 
      7-            Group 16Sr III (positive control)            7 -       Group 16Sr XI (positive control) 
      8-            Group 16Sr XI (positive control) 
Fig.24. (A) Hpa II and (D) Alu 1 restriction profiles of Phytoplasma ribosomal DNA fragments amplified.  
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Lane   -   Sample material (C)                               Lane -  Sample material (D) 
1       -     DNA marker                                          1-5 -   Phytoplasma infected Napier grass  
2-6    -   Phytoplasma infected Napier grass            6   -   Group 16Sr III (positive control) 
7       -   Group 16Sr III (positive control)                7   -   Group 16Sr XI (positive control) 
8       -   Group 16Sr XI (positive control) 
Fig. 24. (C) TaqI  and (D) Rsa1  restriction profiles of Phytoplasma ribosomal DNA  
Fragments amplified  
 
 
Fig.25. Rsa1 restriction profiles of different control Phytoplasma groups of ribosomal DNA 
fragments amplified (see appendix 1 for names of the groups)  
To check the reliability of NASH technique, 23 Napier grass samples were analyzed with NASH  
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and nested PCR product was amplified (Fig.26). Results are summarized (Table 11).   
Table 11.  Result summary of Napier grass sample analyzed with NASH and nPCR  
Sample # Sample  NASH result Nested PCR result Remark 
1 G 1 Negative  Negative Sample from Genesis farm 
2 G 2 Negative Negative ,, 
3 G 3 Negative Negative ,, 
4 G 4 Trace  Trace ,, 
5 G 5 Trace  Trace ,, 
6 G 6 Trace  Trace ,, 
7 G 7 positive positive ,, 
8 G 8 positive positive ,, 
9 J 1 positive positive P.clandestinum  
10 J 2 positive  positive         P.clandestinum 
11 J2 positive  positive                       ,, 
12 A1 positive positive Napier from EIAR D/Z 
13 A2 positive positive ,, 
14 A3 positive positive ,, 
15 A 4 trace Negative ,, 
16 A5 positive positive ,, 
17 A7 positive positive ,, 
18 A8 positive positive ,, 
19 A9 positive positive ,, 
20 A13 positive positive ,, 
21 A13 positive positive ,, 
22 Control  Group 16Sr III 16SrII-D* Atriplex halimus* 
1 A6 negative positive PCR -Napier from EIAR D/Z 
2 A13** positive Positive  PCR- Rothamsted Research, UK ** 
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The results of NASH sensitivity specificity and efficacy that was calculated according to was the 
following. 
Diagnostic specificity (D-SP)=Vn/(Vn+Fp)  =  80% 
Diagnostic sensitivity (D-SN)=Vp/(Vp+Fn) = 94% 
Efficacy (E)=Vp+Vn/Vp+Vn+Fp+Fn, = 91% 
Where:  Vp: real positive value, Vn: real negative value, Fp: false positives and Fn: false 
negative. Real positive value samples (Vp) were those samples positive by NASH and nPCR, 
real negative value (Vn), negative samples by NASH and nPCR , false positive (Fp), positive 
samples by NASH and negative by nPCR and false negative (Fn), negative samples by NASH 
and positive by nPCR.  Below are the PCR and NASH result pictures (Fig.26)  
                          M     1     2      3      4      5      6      7     8      9      10    11    12   13 
  PCR    
                        1     2     3     4      5       6      7       8       9      10     11     12     13 
 
                 NASH 
                        
                          M       14     15     16       17     18       19     20       21      22   
 PCR 
        14        15        16        17        18       19          20       21        22    
  NASH 
Fig 26.  Pictures comparing NASH result and PCR for same samples. 
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5. DISCUSSION  
In this study, the incidence of Napier Grass Stunt Disease was evaluated on the bases of 
laboratory diagnosis of the pathogen and symptoms on different accession collected at ILRI. The 
same study was under taken on selected accessions that have been distributed to 5 villages that 
included 15 farmers in Ada woreda. The study showed the disease is observed in only one 
farmer’s field at Buti (Table 6).  This incidence is much lower than the incidence in Kenya and 
Uganda (Jones et al., 2004) that caused a great disaster to the Napier grass that adversely 
affected the livestock production specially the small holders’ Dairy industry.  
According to the information from the woreda farmers, Napier grass was not used as for zero 
grazing.  As a result intensive cultivation of the grass was not yet developed. Moreover, there 
was no vegetative propagation from one farmer to another farmer. Most farmers used Napier 
grass as live boundary marker, standing feed and as construction material for fences and barns. 
This practice attributed to the low incidence of Napier Grass Stunt Disease in Ade farmers’ field 
unlike Kenya and Uganda. It was reported that in Kenya although Napier grass Phytoplasma is 
thought to have been present for much longer, perhaps 30 years, the breakthrough came in 2004 
with the increased use of zero grazing. 
The boomed cultivation of Napier grass that shifted dairying from extensive to zero grazing 
aggravated the disease problem. This is due to uncontrolled vegetative propagation of 
phytoplasma infected Napier grass by farmers. Moreover selling non- quarantined materials, 
regular harvest and movement of Napier grass assisted vector insects to spread over larger area 
(Jones et al., 2004).  
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Jones et al. (2007) reported Napier grass stunt disease caused by Phytoplasma of 16SrIII group; 
(X-disease) in Ethiopia in ILRI Zwai and ILRI Debre Zeit gene banks. According to the report, 8 
plants were diagnosed Phytoplasma positive out of 11 plants (72%) with symptoms of Napier 
grass stunt. However, in this study showed that out of 471 Napier grasses in ILRI Debre Zeit 
field only 11 were positive. This accounts for the 3 % of the incidence (Table 6). Study was also 
under taken EIAR, 22 percent of Napier grasses samples were infected from the general 
screening (Table 6). Similar Napier grass accessions (16786 and 16837) were screened in ILRI 
and EIAR fields. The result showed that  in EIAR field the accessions were 35% and 31% 
positive for Phytoplasma repectively while in ILRI the grasses were negative (Fig14). According 
to ILRI gene bank manager, infected plants were dag up and replaced with healthy canes after 
the report on phytoplasma in the field. Since the presence of the pathogen is found out in this 
study, the cleaning was not done in EIAR. Symptoms were not seen in both ILRI and EIAR 
fields. 
In Genesis farm, Napier grass is used for dairy as zero grazing therefore it is exposed to frequent 
cuttings in a year.  By the time the survey was conducted yellowing symptom (Fig.13) was 
observed with mild infection of phytoplasma. Therefore, the Kenyan event of Phytoplasma 
outbreak Jones et al. (2004) supports this observation.    
Incidence of Phytoplasma disease was studied on the top accessions (14984, 16786, 16835, and 
16837) Napier grasses that are recommended for Ethiopian natural condition. These four Napier 
grass accessions were cut three times in three months interval (Fig 15). The most infected were 
accession 16786 and 16835; with accessions 14984 and 16837 were less infected. This agrees 
with the work of Wouw et al. (1999) that showed that accessions 14984 and 16837 are more 
robust with hairy erect leaves and flower late; whereas, accession 16835 which is a hybrid of P. 
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purpureum X P. glaucum, belongs to the early flowering group with smaller and less hairy 
leaves.  
Generally in the four accessions, NASH analysis of Phytoplasma showed that infection through 
the cuttings increased (Fig 16). There is no specific information about the influence of cutting in 
Phytoplasma infection. However, a possible explanation could be that young tender leaves are 
attractive to the vector as they are easy to feed on, so there is increased transfer of Phytoplasma 
from the vector to the phloem sieve cells of young tissue during frequent feeding.  Moreover, the 
perennial nature of the Napier grass predisposes the plant to Phytoplasma infection by allowing a 
longer time-frame for transmission by leafhopper vectors and for the build-up of inoculum in its 
tissues.  
To study the vegetative propagation of Phytoplasma without vector interference, individual 
plants of Napier grass were analyzed and the stools with the most infected and less infected 
tillers were studied in a screen house. The analysis result showed that after the sixth cutting, 9/10 
tillers were diagnosed positive for Phytoplasma (Table 7). And symptoms started showing after 
the fifth cutting (Table 8).  
The result showed that there is passive transmission of Phytoplasma from one part of the plant 
tissue to the other. Details on the pathology of Phytoplasma infections are still unresolved. 
Moreover, there is no previous information to support this study on how much time the passive 
infection takes to express symptoms. The relationship of symptom development and cutting in 
passive infection of Napier grass is not studied. However it is believed that after infection 
inoculums of Phytoplasma build-up in host tissues that may alter the balance of hormones in the 
host plant, eventually inducing distortions of growth. On related study of phytoplasma; but on 
alfalfa, Peters and Grau (1998) suggest that, Alfalfa plants store carbohydrates (starches and 
sugars) in their roots and crowns. These carbohydrate reserves are used for re-growth after each 
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cutting. In addition, Undersander et al. (1994) stated that carbohydrate reserves are replenished 
when the plant reaches 6 to 8 inches tall.  Therefore, management practices such as cutting too 
frequently can deplete carbohydrate reserves and lower stand persistence.   
Moreover, the presence of Phytoplasma in the phloem of infected plants could affect the 
movement and available amount of carbohydrate reserves for the plant leading to reduced 
productivity and stand persistence. Napier grass is distinguished from other agricultural crops in 
having a perennial habit (Duke, 1998). Thus it can be compared to many tree species that have 
been shown to harbor the Phytoplasma organism for many seasons (Seemüller, 1988). Likewise, 
a study by Lee et al. (2000) showed that, the lack of adequate nutrient due to obstruction in the 
vessels by Phytoplasma insertion in the phloem blocks the passage of the processed lymph that 
leads to symptom in perennial plants. Otherwise passive defense of the plant itself causes the 
symptoms (Lee et al., 2000)  
Thesis result showed that the movement of Phytoplasma followed certain pattern. NASH 
detection of new shoots that branched out of the infected stem and root showed gradual increase 
of phytoplasma. That is, most infection start negative to mild then to high detection until real 
symptoms were seen in the tissue and the Phytoplasma declined (Fig. 17a, b). The NASH result 
also showed that Phytoplasma positive results were obtained in leaf, stem and root tissues (Table 
9). This result agrees with the findings of forest researchers who also had noted that 
Phytoplasmas are often concentrated in root tissues (Seemüller 1988). The study by Peters and 
Grau (1998) has also shown that Phytoplasma positive results can be obtained in basal stem, 
crown, and root tissues.  
In the screen house, symptoms of infected tillers of Napier grass were observed with excessive 
branching, reduced plant height and leaf size (Fig 20b), stunted axillary shoots from the crown or 
nodes of the stem (Fig 21) early death and growth failure (Fig 19b).  Similarly  Taye (2003) 
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reported the symptoms of Phytoplasma infected plants of parthenium that were characterized by 
their excessive branching, reduced plant height, leaf size, and  the production of stunted axillary 
shoots from the crown or nodes of the stem.  
The relation of symptom with the presence of the bacteria was also studied on individual leaf 
samples. Out of the leaves screened, 60 % for the symptoms were Phytoplasma positive, 31% of 
Phytoplasma positive leaves were apparently healthy, 3% showed false symptom, and 6% were 
negative in both measurements. This result (Table 10) showed that there is considerable chance 
of Phytoplasma staying in the host plant without showing the symptom for some time. However, 
the presence of symptoms did not always imply the presence of the pathogen, as NASH negative 
results were also obtained from plant samples showing these symptoms.  
Symptoms observed from leaves were, white spots at the mid ribs of the leaves, wrinkled 
structure at the edge of leaves and red pigmented leaves (Fig.22).   Bertamini and Nedunchzhian 
(2004) from their investigation on field grown apple leaves infected by Apple Proliferation 
Phytoplasma concluded that Phytoplasma causes non specific infection with general stress 
responses in apple leaves. They also mentioned that the changes in contents and activities 
connected with photosynthesis of the infected leaf tissues are similar to those of induced 
senescence of ageing. One of the main effects of Phytoplasmal infection is a decrease in 
productivity caused by inhibition of photosynthesis (Bertamini and Nedunchzhian, 2004).  
PCR analysis of DNA samples from 8 Napier grass (EIAR), 2 Napier grass (Genesis farm) and 1  
P.clandestinum white leaf showed that 9/11 were positive (Fig 23).  Hence this study provides 
evidence, on the presence of Phytoplasma disease of Napier grass, additional to the previous 
study by Jones et al. (2007)    
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RFLP analysis of Napier grass PCR-amplified DNA using universal primers with Rsa I 
restriction enzyme showed a similar banding pattern to 16Sr XI group in Kenya. And it seemed 
to differ from 16SrIII group (Candidatus Phytoplasma pruni) that was analyzed from Zeway and 
Debre zeit ILRI fields by Jones et al. (2007). 
Finally in this study; based on the results obtained from simulations analysis of similar Napier 
grass samples with PCR and NASH, NASH showed 80%, diagnostic specificity, 94% diagnostic 
sensitivity  and  91% efficacy. Another study that utilized NASH method on 331 sugar cane 
plants with symptoms showed (Arocha et al., 2004); Sensitivity, specificity and efficacy 
parameters of the generic probe in the nrHAN reached values of 98.53%, 99% and 98.61%, 
respectively. Also, there was a 100% of coincidence among all the repetitions of the assay. 
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6. Conclusion and Recommendation  
For this thesis work the diagnostic methods used for studying Phytoplasma were: symptom 
detection, NASH, PCR and PCR-RFLP. The following conclusion can be drown: 
 Napier grass Phytoplasma was detected in Ada woreda. Although the disease is not wide spread, 
it is possible that it might be present in other parts of Ethiopia where Napier grass was 
distributed. Therefore, screening Napier grass germplasm before distributing to farmers is 
important. Such screening method can also be applied for crops like sugarcane, Teff, coffee etc. 
Identifying Phytoplasma in other plant hosts and insect vectors and determining the phylogenetic 
positions of the pathogen in Ethiopia by comparing their RFLP pattern and sequence analysis of 
the 16S rDNA with those of Phytoplasma reference strains is important.  
In this study RFLP analysis of Napier grass samples from Debre Zeit using the enzyme RsaI 
showed a different banding pattern from those Phytoplasma detected previously in Debre Zeit 
and Zwai ILRI gene bank. This shows that there may be slight strain difference between the 
phytoplasmas. Thus to confirm this difference, sequence analysis of the 16S rDNA is needed. 
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8. Appendices 
   Appendix 1.  Acronyms and GenBank accession numbers of Phytoplasma 16S rDNA         
sequences used for phylogenetic analyses. *Groups indicated as Lee et al, (1998, 
2000); Khan et al, (2002); Harrison et al, (2003); Mirziae et al, (2007). 
Acronym Phytoplasma strain designation and origin 16Sr 
Group 
Acc. No. 
MPV Mexican periwinkle yirescence, Mexico 16S XIII AF248960 
STOL Stolbur, USA 
 
 
16SrXII AF248959 
AAY American aster yellows, Florida 16SrI X68373 
AP Apple proliferation, Italy 16SrX X68375 
FD Flayescence dorée, France 16SrV AF176319 
CP Clover proliferation, Canada 16SrVI L33761 
AshY Ash yellows, USA 16SrVII AF189215 
LWB Loofah witches’ broom, Taiwan 16SrVIII L33764 
ScWL Sugarcane white leaf’, Thailand 16SrXI X76432 
BGWL-Thai Bermuda grass white leaf, Thailand 16SrXIV AF248961 
Ca. 
Phytoplasma 
cynodontis 
Candidatus Phytoplasma cynodontis, Italy 16SrXIV AJ550984 
CoLY Coconut yellows, Florida 16SrIV U18747 
PPWB Pigeon pea witches’ broom, Florida 16SrIX U18763 
WX Western X-disease, California 16SrIII-
A* 
L04682 
SCYLP-SA Sugarcane Yellow Leaf, South Africa  16SrIII-A AF056095 
SCYLP-Mar Sugarcane Yellow Leaf, Mauritius 16SrIII-A EF413056 
VWB Vaccinia witches’ broom, Germany 16SrIII-
B* 
X76430 
PoiBI Poinsettia branch inducing, USA 16SrIII-
H* 
AF190223 
 
SP1 Spiraea stunt, USA 16SrIII-
E* 
AF190228
1 VGY Virginia grapevine yellows, USA 16SrIII-I* AF060875 
WWB Walnut witches’ broom, USA 16SrIII-
G* 
AF190226 
MWY Milkweed yellows, USA 16SrIII-
F* 
AF510724 
ChWB Chayote witches’ broom, Brazil 16SrIII-J* AF147706 
AlfWB Alfalfa witches’ broom, Oman 16SrII-D* AY169323 
TBB Tomato big bud, Australia 16SrII-D* EF193359 
PWB Peanut witches’-broom, Taiwan 16SrII-A* L33765 
CoPhy Cotton Phyllody, Burkina Faso 16SrII-F* EF186827 
Ca. 
Phytoplasma 
aurantifolia 
Candidatus Phytoplasma aurantifolia, Arabic 
Peninsula 
16SrII-B* U15442 
GBWB-
Yazd 
Yazd(Iran) garden beet witches’ broom, Iran 16SrII-E* DQ233656 
FBP Faba bean Phyllody, Sudan 16SrII-C* X83432 
NGS-K Napier Grass Stunt Phytoplasma in Napier grass, 
Kenya 
16SrXI AY377876 
NGS-U Napier Grass Stunt Phytoplasma in Napier grass, 
Uganda 
16SrXI EF012650 
Ca. 
Phytoplasma 
oryzae 
Candidatus Phytoplasma oryzae, Thailand 16SrXI AB052873 
NGS-E-N Napier Grass Stunt Phytoplasma in Napier grass, 
Ethiopia 
16SrIII-A DQ305977 
NGS-E-Cd Napier Grass Stunt Phytoplasma in C. dactylon, 
Ethiopia  
16SrIII-A DQ305983 
NGS-E-Ms Napier Grass Stunt Phytoplasma in M. sativa, 
Ethiopia  
16SrIII-A DQ305982 
NGS-E-LdD Napier Grass Stunt Phytoplasma in L. dymas, 
Debre-Zeit  
16SrIII-A DQ305979 
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NGS-E-LdZ Napier Grass Stunt Phytoplasma in L. dymas,Zwai 16SrIII-A DQ305978 
NGS-E-Ex Napier Grass Stunt Phytoplasma in Exitianus sp., 
Debre-Zeit 
16SrIII-A DQ305980 
Ahal Atriplex halimus, Ethiopia 16SrII-D DQ305985 
Arha Atriplex rhagodioides, Ethiopia 16SrII-D EU137845 
A. palmae Acholeplasma palmae - L33734 
A. laidlawii Acholeplasma laidlawii - M23932 
 
